the original grinding medium to give the final particulate preparation. All of these operations were carried out at 0°C. Cytochrome c oxidase activity was assayed in a Beckman DU spectrophotometer by followingf the decrease in optical density (OD) at 550 mm. Cytochrome c obtained from Sigma was reduced with Na2S204 and the excess hydrosulfite removed by aeration.
Difference spectra were computed from the light transmission through about 1 cm (= 1.5 Peltandra spadix diameters) of tissue in a moist gas phase. A DC single beam spectrophotometer was operated manually as follows: wavelength band-width 3.3 mA, "noise" about 103 OD units, drift 10-3 OD units per minute, galvanometer period 15 seconds. The light source was a 6-volt 18-amp ribbon filament lamp fed from a storage battery, which was charged at the rate of discharge. The monochromator was a Bausch and Lomb 500-mm grating type with 600 grooves/mm. A photomultiplier tube (RCA 6217), operated at 700 volts, received the transmitted light. The voltage drop across a 110-megohm load resistor was converted to galvanometer deflections through a cathode follower bridge (6) . Light minus dark deflections were first recorded at a series of wavelengths for the tissue in N2. After flushing with 02, the series was repeated in the same sequence. A similar sequence of measurements was then made on the same.tissue in the presence of HCN.
RESULTS
RESPIRATORY STUDIES: Table I shows that 104 M and 103 M HCN stimulate the respiration of Philodendron slices maintained in a moist gas phase. Similar experiments show (table II) that this tissue also respires more rapidly in a gas mixture of 95: 5 CO: 02 than in 95: 5 N2: 02. From the data of table II it is evident that the respiratory rate in 5 % 02 nearly equals that in air (21 % 02) . This is in marked contrast to the observation on Arum maculatum (8) , where approximately 75 % inhibition of the observed figure 3 , curve A. Absorption maxima occur at approximately 605 and 550 m,u, which correspond to the a-bands of reduced cytochromes a + a3 and c, respectively. The 550 m,u maximum is larger by a factor of about 2 and shows asymmetry on the long wavelength side, probably due to absorption by the a-band of a cytochrome b. These results, which show the reduction of these components in N2 and their oxidation (at least partial) in 02, strongly suggest the participation of cytochromes in the respiration of this tissue.
The difference spectrum was also determined in a concentration of HCN which does not inhibit respiration (see table I) yet inhibits isolated cytochrome oxidase by about 95 %. As shown in figure 3, The optical density (OD) data were obtained from the difference spectra of figure 2 by subtracting the OD at a neutral reference wavelength from that at the absorption maximum: cytochrome c (550 to 540 mu), b (560 to 580 m,) and a+ a3 (605 to 615 m,u). An extinction coefficient of 18 x mM-' x cm-' was used for each component (2) . For the turnover (TN) estimation, a respiratory rate of 1000 IAl 02 X gm fresh wt-x hr-1 was assumed.
Of the 6 or so difference spectra obtained by this method, 4 showed the 605 m,u peak below the base line. The pair of curves shown on figure 3 were the only two that were obtained on the same spadix and that included the cytochrome a region. The coincidence of the two curves (no corrections were applied to either curve) is evidence at least of their reproducibility within a single spadix. Also when several of the wavelength points were remeasured at the end of a run, they could be reproduced within 103 OD units: that is the spectrophotometer did not drift excessively.
The concentrations of participating cytochromes, estimated by Chance's method (2) from the difference spectra of figure 3, are shown in (02) = 02 partial pressure.
K= relative affinity constant of the oxidase for 02 and CO. K was computed from 77 % inhibition of Peltandra cytochrome c oxidase preparation by a 9/1 ratio of C 0110 (fig 2) and found to be 2.7. This is in close agreement with Winzler's value of 2.5 from yeast respiration experiments (22) .
From the CO/02 ratio (table III) required to inhibit the respiratory rate by 50 %, i.e., when n = 0.5, (a3) was found to lie between 47 and 129 (,-100). The oxidase turnover number resulting from -100 fold excess over the rate limiting step would be 100-1 that in cells where there is evidence for no large excess (yeast, e.g., 22). However, the measured spadix oxidase turnover number of 73 (sec-1) is in close agreement with that of yeast (2) . This suggests an activity not large enough, in relation to the rate limiting step, to support the excess hypothesis. 4) Another possibility is that this tissue possesses an alternate, cyanide-resistant pathway of electron transfer to oxygen. Such a proposal was first made by Okunuki (17) (1) . In a study carried out independently from the present work, Lundegardh (13) demonstrated spectrophotometrically that the cytochrome b of roots remains partially oxidized in aerated cyanide, and he has suggested that "the autoxidation of cytochrome b could possibly act as a substitute for cytochrome oxidase in the living cell." Nevertheless, the rapidity of the oxidation, turnover number = 45/sec, suggests that an additional component, above the potential of cytochrome b, functions as an oxidase in this system. By analogy with the classical system, one might expect that a member of the cytochrome a family, with a low affinity for CO and HCN, might serve as the terminal oxidase. The presence of an absorption banld of 590 mu in the difference spectrum in cyanide suggests the possible functioning of an a-type cytochrome. A band at approximately the same wavelength is also observed at -1960 C in reduced Symplocarpus particles in the absence of HCN (1).
The cytochromes b5 and b3 have been proposed as members of cyanide-resistant respiratory pathways in animal (18) and plant (16) In addition, cytochromes b3 and b5 are localized on microsomes, particles of too low oxidase activity to account for the respiration of the tissue from which they were isolated (7, 20) .
It is of considerable interest to know whether electron transfer through an alternate pathway is coupled to oxidative phosphorylation. The increase in respiration caused by CO and cyanide could be the result of an "uncoupling" of phosphorylation from the normal respiration, and the activation of a non-phosphorylating electron transport system; oxidation via the latter pathway would not be limited by the supply of phosphate acceptors.
A cyanide and/or CO-insensitive respiration has been demonstrated with a wide variety of plants, animals, and microorganisms. In many, although not all, of these cases it has also been shown that the cells contain cytochrome components, including cytochrome oxidase. On the basis of our own experiments, it is suggested that the "normal" respiration of such cells may be mediated by a classical-type cytochrome system and that an alternate pathway may be activated in the presence of oxidase inhibitors, such as HCN and CO.
SUMMARY
The following evidence is presented for the participation of cytochromes in the respiration of the Aroid spadix:
(a) The spadix respires with a high affinity for oxygen, provided the rate of oxygen supply is adequate. (b) A particle-bound cytochrome oxidase with high affinity for cyanide and carbon monoxide can be demonstrated.
(c) Different spectra of the intact spadix show absorption maxima at wavelengths corresponding to the a-bands of cytochromes a+a3, b
